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To optimize graphite furnace conditions. carefully adjust fur-
nace temperaturc settings to maximize sensitivity and precision
and to minimize interferences. Follow manufacturer’s instruc-
tions.

Use drying temperatures slightly above the solvent boiling
point to provide enough time and temperature for complete
evaporation without boiling or spattering.

The charring temperature must be high enough to maximize
volatilization of interfering matrix components yet too low to
volatilize the element of interest. With the drying and atomi-
zation temperatures set to their optimum values. analyze a stand-
ard at a series of charring temperatures in increasing increments
of 50 to 100°C. When the optimum charring temperature is ex-
ceeded. there will be a significant drop in sensitivity. Plot char-
ring temperature versus sample absorbance: the optimum char-
ring temperature is the highest temperature without reduced
sensitivity.

Select atomization temperature by determining the tempera-
ture providing maximum sensitivity without significantly eroding
precision. Optimize by a series of successive determinations at
various atomization temperatures using a standard solution giv-
ing an absorbance of 0.2 to 0.5.

¢. Instrument calibration: Prepare standards for instrument
calibration by dilution of the metal stock solutions. Prepare
standards fresh daily.

Prepare a blank and at least three calibration standards in the
appropriate coricentration range (See Table 3113:I1) for corre-
lating element concentration and instrument response. Match
the matrix of the standard solutions to those of the samples as
closely as possible. In most cases, this simply requires matching
the acid background of the samples. For seawaters or brines,
however. use the metal-free matrix (7 3g) as the standard so-
lution diluent. In addition. add the same concentration of matrix
modifier (if required for sample analysis) to the standard solu-
tions.

Inject a suitable portion of each standard solution. in order of
increasing concentration. Analyze each standard solution in trip-
licate to verify method precision.

Construct an analytical curve by plotting the average peak
absorbencies or peak areas of the standard solution versus con-
centration on linear graph paper. Alternatively. use electronic
instrument calibration if the instrument has this capability.

d. Sample analysis: Analyze all samples except those dem-
onstrated to be free of matrix interferences (based on recoveries
of 85%-115% for known additions) using the method of standard
additions. Analyze all samples at least in duplicate or until re-
producible results are obtained. A variation of = 10% is con-
sidered acceptable reproducibility. Average replicate values.

1) Direct determination—Inject a measured portion of pre-
treated sample into the graphite furnace. Use the same volume
as was used to prepare the calibration curve. Dry. char. and
atomize according to the preset program. Repeat until repro-
ducible results are obtained.

Compare the average absorbance value or peak area to the
calibration curve to determine concentration of the element of
interest. Alternatively, read results directly if the instrument is
equipped with this capability. If absorbance (or concentration)
or peak area of the most concentrated sample is greater than
absorbance (concentration) or peak area of the standard. dilute
sample and reanalyze. If very large dilutions are required. an-
other technique (e.g.. flame AA or ICP) may be more suitable
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for this sample. Large dilution factors magnify small errors on
final calculation. Keep acid background and concentration of
matrix modifier (if required) constant. If sample is diluted with
water. add acid and matrix modifier to restore the concentration
of both to the original. Alternatively. dilute the sample in a blank
solution of acid and matrix modifiers.

Proceed to ¥ Sa below.

2) Method of standard additions—Refer to ¥ 4c above. The
method of standard additions is valid only when it falls in the
linear portion of the calibration curve. Once instrument sensi-
tivity has been optimized for the element of interest and the
linear range for the element has been established. proceed with
sample analyses. ’

Inject a measured volume of sample into furnace device. Dry.
char or ash. and atomize samples according to preset program.
Repeat until reproducible results are obtained. Record instru-
ment response in absorbance or concentration as appropriate.
Add a known concentration of the element of interest to a sep-
arate portion of sample so as not to change significantly the
sample volume. Repeat the determination.

Add a known concentration (preferably twice that used in the
first addition) to a separate sample portion. Mix well and repeat
the determination.

Plot average absorbance or instrument response for the sample
and the two portions with known additions on the vertical axis
with the concentrations of element added on the horizontal axis
of linear graph paper. Draw a straight line connecting the three
points and extrapolate to zero absorbance. The intercept at the
horizontal axis is the concentration of the sample. The concen-
tration axis to the left of the origin should be a mirror image of
the axis to the right.

5. Calculations

a. Direct determination:

pgmetal/lL = C X F

where:
C = metal concentration as read directly from the instrument or

from the calibration curve. pg/L. and
F = dilution factor.

b. Method of additions:

pg metall = C x F

where: . .
C ‘= metal concentration as read from the method of additions plot.

ug/l. and
F = dilution factor.
6. Precision and Bias
Data typical of the precision and bias obtainable are presented
in Tables 3113:1I1. IV, and V.
7. Quality Control

See Section 3020 for specific quality control procedures to be
followed during analysis. Although previous indications were
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DATA FOR ELECTROTHERMAL ATOMIZATION METHODS'

Single-Analyst Precision

“ RSD
Concentration Lab Drinking Surface Effluent Efflucnt Effluent

Element pe'l Pure Water Water i 2 3
Al 28 66 108 70 — —_ o6
125 27 35 24 - —_ M
10w i1 — - 2 — —_
38 300 27 —_ — 19 —_ —_
460 9 —_ _ — 30 —
2180 28 _ —_ —_ 4 -
10.5 20 13 13 13 56 i8
230 10 18 13 21 94 14
As 9.78 40 25 15 74 23. 1
27 i0 6 8 H 15 6
Ba 56.5 36 21 29 39 23 27
418 14 12 20 24 24 18
Be 0.43 18 27 15 30 2 1
10.9 14 4 9 7 12 12
Cd 043 72 49 1 121 35 27
12 11 17 22 14 11 15
Cr 9.87 24 33 10 23 15 10
236 16 7 11 13 16 7
Co 29.7 10 17 10 19 24 12
420 8 11 13 14 9 5
Cu 10.1 49 47 17 17 - 30
234 8 15 6 21 — 11
300 6 _ —_ — 11 —_
1670 11 - - — 6 —
Fe 26.1 i44 32 153 — — 124
155 48 37 45 — - 31
1030 17 - —_ 30 -— -
5390 6 — — 32 _ c—
370 14 - —_ —_ 19 —_
2610 9 — —_ 18 —_
Pb 10.4 6 19 17 19 33
243 17 7 17 12 16
Mn 0.44 187 180 — — — 275
14.8 32 19 —_ — — 18
9t.0 15 _ _ 43 — -

484.0 4 —_ -_ 12 —_
111.0 12 — - — 21 _
666.0) 6 —_ —_ _ 20 —_
Ni 26.2 20 26 25 24 i3 9
161.0 15 11 9 3 i 4
Se 10.0 12 27 16 35 41 13
235.0 6 6 15 6 13 14
Ag ©848 i0 - - 15 27 16
56.5 14 —_ —_ 7 16 23
0.45 27 166 a8 - - -
13.6 15 4 1) -— —_ —_—

that very low optimum concentration ranges were attainable for
most metals (see Table 3113:11). data in Table 3113:111 using
variations of these protocols show that this may not be so. Ex-
ercise extreme caution when applying this method to the lower
concentration ranges. Verify analyst precision at the heginning
of each analytical run by making triplicat¢ analyses.

8. Reference

1. CorecLann. T.R.

Metals by Atomic Absorption (Furnace
85-070. U.S. Environmental Protection Agency.

& 1.P. MANEY. Y86, EPA Method Study 31: Trace

itoring and Support Lab.. Cincinnati. Ohio.

Techniques). EPA-6(XV/S4-

Environmental Mon-
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TaBLE 313V, INTERLABORATORY OVERALL PRECISION DATA FOR ELECTROTHERMAL ATOMIZATION METHODS'
Overall Precision
% RSD
Concentration Lab Drinking Surface Effluent Effluent Effluent
Element well Pure Water Water i 2 3
Al 28 v 14 124 —_ —_ 131
125 45 47 49 —_ -_— 30
11000 19 - — 43 _— -
38300 31 - - 32 -_— -
460 20 - - — 37 —
2180 30 - — —_ 15 —_
10.5 37 19 n S0 103 39
230 26 16 16 17 180 2
As 9.78 43 26 37 72 50 3
227 18 12 13 20 15 4
Ba 56.5 68 38 43 116 43 63
418 35 35 28 38 48 16
Be 0.45 28 31 15 67 50 35
109 33 15 26 20 9 19
Cd 0.43 73 60 5 88 43 65
12 19 25 41 26 20 27
Cr 9.87 30 53 24 60 41 23
236 18 14 24 20 14 20
Co 29.7 13 26 17 18 21 17
. 420 21 21 17 18 13 13
Cu 10.1 58 82 31 2 — 74
234 12 33 19 21 — 2
300 13 —_ — — 14 —
1670 12 —_ — - 13 _
Fe 26.1 115 93 306 _ — 204
455 53 46 53 —_ - +
1030 32 - — 25 - —
5390 10 - — 43 _ -
370 28 — - - 2 —
2610 13 — - - 22 -
Pb 10.4 27 42 28 47
243 18 19 19 25
Mn 0.4 299 272 — —_ — 248
14.8 52 41 — — - 29
91.0 16 - - 45 - —
484.0 5 - — 17 —_ -
111.0 15 - -—_ _ 17 —
666.0 8 - - —_ 24 -
Ni 26.2 35 30 49 35 37 43
461.0 23 2 13 12 21 17
Se 10.0 17 48 32 30 + 51
L 235.0 16 18 18 17 22 34
Ag 8.48 23 — —_ 16 35 3
56.5 15 — - 24 32 8
0.45 57 90 368 —_ —_ —_
13.6 19 19 59 — - —_
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TABLE 3113:V. INTERLABORATORY RELATIVE ERROR DATA FOR ELECTROTHERMA. ATOMIZATION METHODS!
Relative Error
“
Lab
Concentration Pure Drinking Surface Elftucnt Effuent Effluent
Element gl Water Water Water t 2 i
Al 8.0 86 150 54 — - 126
1250 4 41 3 — - 30
11.000.0 2 - — 14 — -
58 300.0 12 - - 7 — -
460.0 2 — —_ — 1 -
2 180.0 11 — — - 9 -
Sb 10.5 30 32 28 24 28 36
230.0 35 14 19 13 73 39
As 9.78 36 1 22 106 13 16
227.0 3 7 10 19 6 13
Ba 56.5 132 54 44 116 59 40
418.0 4 0 0 13 6 60
Be 0.45 40 16 Il 16 10 {5
10.9 13 2 9 7 8 8
Cd 0.43 58 45 37 66 16 19
12.0 4 6 5 22 18 3
Cr 9.87 10 9 4 2 5 15
236.0 11 0 9 13 5 8
Co 297 7 7 1 6 3 13
420.0 12 8 8 1l 3 18
Cu 10.1 16 48 2 5 - 15
234.0 8 7 0 4 — 19
300.0 4 -— — — 21 —
1670.0 6 — — —_ 2 -
Fe 26.1 85 60 379 —_ —_ 158
455.0 43 22 31 —_ — 18
1 030.0 8 _ _— 8 — —
5590.0 2 — — 2 — -
370.0 4 — — - it -—_
2 610.0 35 —_ _ —_ 2 —
Pb 10.4 16 10 17 1 34 4
234.0 5 15 8 18 13 29
Mn 0.4 332 304 —_ - — 556
14.8 10 i —_ -— —_ 36
91.0 3t — — 10 - -
484.0 42 - — 3 - —
“111.0 1 —_ — - 29 -
666.0 6 — - — 23 -
Ni 26.2 9 16 10 7 33 54
461.0 15 19 18 31 16 18
Se 10.0 12 9 6 36 17 37
235.0 7 7 1 13 10 17
Ag 8.48 12 _ - 1 51 20
56.5 16 -— —_ 8 31 2
0.45 34 162 534 — —_ —
13.6 3 12 S - —_ -
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3114 METALS BY HYDRIDE GENERATION/ATOMIC ABSORPTION SPECTROMETRY™

3114 A.

For general introductory material on atomic absorption spec-
trometric methods, see Section 3111A.

Two methods are presented in this section: A manual method
and a continuous-flow method especially recommended for se-

* Approved by Standard Methods Committec. 1989.

Introduction

lenium. Continuous-flow automated systems are preferable to0
manual hydride generators because the effect of sudden hydro-
gen generation on light-path transparency is removed and any
blank response from contamination of the HCI reagent by the
elements being determined is incorporated into the background

base line.

3114 B. Manual Hydride Generation/Atomic Absorption Spectrometric Method

1. General Discussion

a. Principle: This method is applicable to the determination
of arsenic and selenium by conversion to their hydrides by sodium
borohydride reagent and aspiration into an atomic absorption
atomizer.

Arsenous acid and selenous acid, the As(III) and Se(IV) ox-
idation states of arsenic and selenium, respectively. are instan-
taneously converted by sodium borohydride reagent in acid solution
to their volatile hydrides. The hydrides are purged continuously
by argon or nitrogen into an appropriate atomizer of an atomic
absorption spectrometer and converted to the gas-phase atoms.
The sodium borohydride reducing agent. by rapid generation of

" the elemental hydrides in an appropriate reaction cell. minimizes
dilution of the hydrides by the carrier gas and provides rapid.
sensitive determinations of arsenic and selenium.

CAUTION: Arsenic and selenium and their hydrides are toxic.
Handle with care. ’

At room temperature and solution pH values of 1 or less.
arsenic acid. the’ As(V) oxidation state of arsenic. is reduced

relatively slowly by sodium borohydride to As(IIT), which is then
instantaneously converted to arsine. The arsine atomic absorp-
tion peaks commonly are decreased by one-fourth to one-third
for As(V) when compared to As(III). Determination of total
arsenic requires that all inorganic arsenic compounds be in the
As(III) state. Organic and inorganic forms of arsenic are first
oxidized to As(V) by acid digestion. The As(V) then is quan-
titatively reduced to As(III) with sodium or potassium iodide
before reaction with sodium borohydride.

Selenic acid. the Se(VI) oxidation state of selenium. is not
measurably reduced by sodium borohydride. To determine total
selenium by atomic absorption and sodium borohydride. first
reduce Se(VI) formed during the acid digestion procedure to
Se(IV). being careful to prevent reoxidation by chlorine. Effi-
ciency of reduction depends on temperature. reduction time, and
HCI concentration. For 4N HCI. heat 1 h at 100°C. For 6V HCL.
boiling for 10 min is sufficient.'* Alternatively. autoclave sam-
ples in sealed containers at 121°C for 1 h. NOTE: Autoclaving in
sealed containers may result in incomplete reduction. apparently
due to the buildup of chlorine gas. To obtain equal instrument
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3120 METALS BY PLASMA EMISSION SPECTROSCOPY”

3120 A.

1. General Discussion

Emission spectroscopy using inductively coupled plasma (ICP)
was developed in the mid-1960's'~ as a rapid. sensitive, and
convenient method for the determination of metals in water and
wastewater samples.** Dissolved metals are determined in fil-
tered and acidified samples. Total metals are determined after
appropriate digestion. Care must be taken to ensure that poten-
tial interferences are dealt with, especially when dissolved solids
exceed 1500 mg/L.

2. References

I. GREENFIELD.S..L.L. Jones & C.T. BERRY. 1964. High-pressure plasma-
spectroscopic emission sources. Analvst 89: 713.

* Approved by Standard Methods Committec. 1989.

3120 B. Inductively Coupled Plasma (ICP) Method

1. General Discussion

a. Principle: An ICP source consists of a flowing stream of
argon gas ionized by an applied radio frequency field typically
oscillating at 27.1 MHz. This field is inductively coupled to the
jonized gas by a water-cooled coil surrounding a quartz “torch”
that supports and confines the plasma. A 'sample aerosol is gen-
erated in an appropriate nebulizer and spray chamber and is
carried into the plasma through an injector tube located within
the torch. The sample aerosol is injected directly-into the ICP.
subjecting the constituent atoms to temperatures of about 6000
to 8000°K.! Because this results in almost complete dissociation
of molecules. significant reduction in chemical interferences is
achieved. The high temperature of the plasma excites atomic
emission efficiently. Ionization of a high percentage of atoms
produces ionic emission spectra. The ICP provides an optically
~thin" source that is not subject to self-absorption except at very
high concentrations. Thus linear dynamic ranges of four to six
orders of magnitude are observed for many elements.?

The efficient excitation provided by the ICP resuits in low
detection limits for many elements. This. coupled with the ex-
tended dynamic range. permits effective multielement determi-
nation of metals.* The light emitted from the ICP is focused onto
the entrance slit of either a monochromator or a polychromator
that effects dispersion. A precisely aligned exit slit is used to
isolate a portion of the emission spectrum for intensity meas-
urement using a photomultiplier tube. The monochromator uses
a single exit slivphotomultiplier and may us¢ a computer-con-
trolled scanning mechanism to examine emission wavelengths
sequentially. The polychromator uses multiple fixed exit slits and
corresponding photomultiplier tubes: it simultaneously monitors

Introduction

3 WenDT. R.H. & V.A. FasseL. 1965. Induction-coupled plasma spec-
trometric excitation source. Anal. Chem. 37:920.

3. U.S. ENVIRONMENTAL PROTECTION AGENCY. 1983. Method 200.7.
Inductively coupled plasma-atomic emission spectrometric method for
trace element analysis of water and wastes. Methods for Chemical
Analysis of Water and Wastes. EPA-600/4-79-4020. revised March 1983.

4. AMERICAN SOCIETY FOR TESTING AND MATERIALS. 1987. Annual
Book of ASTM Standards. Voi. 11.01. American Soc. Testing &
Materials. Philadelphia. Pa.

5. Fisuman. M.J. & W.L. BRADFORD. eds. 1982. A Supplement to

Methods for the Determination of Inorganic Substances in Water and

Fiuvial Sediments. Rep. No. §2-272. U.S. Geologicat Survey. Wash-

ington. D.C.
6. GarBaARINO. J.R. & H.E. TAYLOR. 1985. Trace Analysis. Recent

Developments and Applications of Inductively Coupled Plasma Emis-
sion Spectroscopy to Trace .Elemental Analysis of Water. Volume 4.
Academic Press. New York. N.Y.

all configured wavelengths using 2 computer-controlled readout
system. The sequential approach provides greater wavelength
selection while the simultaneous approach can provide greater
sample throughput.

b. Applicable merals and analvtical limits: Table 3120:I lists
elements for which this method applies. recommended analvtical
wavelengths. and typical estimated instrument detection limits
using conventional pneumatic nebulization. Actual working de-
tection limits are sample-dependent. Typical upper limits for
linear calibration also are included in Table 3120:1.

c. Interferences: Interferences may be categorized as follows:

1) Spectral interferences—Light emission from spectral sources
other than the element of interest may contribute to apparent
net signal intensity. Sources of spectral interference include di-
rect spectral line overlaps. broadened wings of intense spectral
lines. ion-atom recombination continuum emission. molecular
band emission. and stray (scattered) light from the emission of
elements at high concentrations.* Avoid line overlaps by selecting
alternate analytical wavelengths=Avoid or minimize other spec-
tral interference by judicious choice of background correction
positions. A wavelength scan of the element line region is useful
for detecting potential spectral interferences and for selecting
positions for background correction. Make corrections for resid-
ual spectral interference using empirically determined correction
factors in conjunction with the computer software supplied by
the spectrometer manufacturer or with the calculation detailed
below. The empirical correction method cannot be used with
scanning spectrometer systems if the analytical and interfering
lines cannot be precisely and reproducibly. located. In addition.
if using a polychromator. verify absence of spectral interference
from an element that could occur in a sumple but for which there
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ON LIMITS. ALTERNATE WAVELENGTHS, CALIBRATION CONCENTRATIONS, AND

Ueptr Lisuts
Estimated
Suggested Dctection Altcrnate Calibration Upper Limit
Wavelength Limit Wavelength® Concentrition Cuncentration
Element nm g/l nm myil mefl
Aluminum 308.22 40 237.32 10.0 100
Antimony 206.83 30 217.58 10.0 N
Arsenic 193.70 50 189.04+ : 10.0 100
Barium 455.40 2 493.41 1.0 50
Beryllium 313.04 0.3 234.86 1.0 10
Boron . 249.77 5 249.68 1.0 50
Cadmium 226.50 4 21444 20 50
Calcium 317.93 10 315.89 10.0 100
Chromium 267.72 7 206.15 5.0 50
Cobalt 228.62 7 230.79 2.0 50
Copper 324.75 6 219.96 1.0 50
Iron 259.94 7 238.20 10.0 100
Lead 220.35 40 217.00 10.0 100
Lithium 670.78 43 -— 5.0 100
Magnesium : 279.08 30 279.55 10.0 100
Manganese 257.61 2 294.92 2.0 50
Molybdenum 202.03. 8 203.84 10.0 100
Nicket 231.60 15 221.65 20 30
Potassium 766.49 1003 769.90 10.0 100
Selenium 196.03 75 203.99 5.0 100
Silica (SiO;) 212.41 20 251.61 21.4 100
Silver - 328.07 7 338.29 2.0 30
Sodium 589.00 303 589.5% 10.0 100
Strontium 407.77 0.5 421.55 1.0 30
Thallium 190.86+ 40 377.57 10.0 100
Vanadium 292.40 8 — 1.0 30
Zinc ) 213.86 2 206.20 5.0 100

* Other wavelengths may be substituted if they provide the needed sensitivity and are corrected for spectral interference.

+ Available with vacuum or inert gas purged optical path.
4 Sensitive 1o operating conditions.

is no channel in the detector array. Do this by analyzing single-
element sofutions of 100 mg/L concentration and noting for each
element channel the apparent concentration from the interfering
substance that is greater than the element’s instrument detection
limit.- :

2) Nonspectral interferences

a) Physical interferences are effects associated with sample
nebulization and transport processes. Changes in the physical
properties of samples. such as viscosity and surface tension. can
cause significant error. This usually occurs when samples con-
taining more than 10% (by volume) acid or more than 1500 mg
dissolved solids/L are analyzed using calibration standards con-
taining < 5% acid. Whenever a new or unusual sample matrix
is éncountered. use the test described in 4 4g. If physical inter-
ference is present. compénsate for it by sample dilution. by using
matrix-matched calibration standards. or by applying the method
of standard addition (see 1 5d below).

High dissolved solids content also can contribute to instru-
mental drift by causing salt buildup at the tip of the nebulizer
gas orifice. Using prehumidified argon for sample nebulization
lessens this problem. Better control of the argon flow rate to the
nebulizer using a mass flow controller improves instrument per-
formance.

b) Chemical interferences are caused by molecular compound
formation. ionization effects. and thermochemical effects asso-
ciated with sample vaporization and atomization in the plasma.
Normally these effects are not pronounced and can be minimized
by careful selection of operating conditions (incident power. plasma
observation position. etc.). Chemical interferences are highly
dependent on sample matrix and element of interest. As with
physical interferences. compensate for them by using matrix
matched standards or by standard addition (% 5d). To determine
the presence of chemical interference. follow instructions in ¥ 4g.

2. Apparatus

a. ICP source: The ICP source consists of a radio frequency
(RF) generator capable of generating at least 1.1 KW of power.
torch. tesla coil. load coil. impedance matching network. neb-
ulizer. spray chamber. and drain. High-quality flow regulators
are required for both the nebulizer argon and the plasma support
gas flow. A peristaltic pump is recommended to regulate sample
flow to the nebulizer. The type of ncbulizer and spray chumber
used may depend on the samples to be analyzed as well as on
the equipment manufacturer. In general. pneumatic nebulizers
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of the concentric or cross-flow design are used. Viscous samples
and samples containing particulates or high dissolved solids con-
tent (> 5000 merL) may require nebulizers of the Babington type.*

b. Spectromcter: The spectrometer may be of the simultaneous
{potychromator} or sequential (monochromator) type with air-
path. inert gas purged. or vacuum optics. A spectral bandpass
of 0.05 nm or less is required. The instrument should permit
examination of the spectral background surrounding the emission
lines used for metals determination. It is necessary to be able to
measure and correct for spectral background at one or more
positions on either side of the analytical lines.

3. Reagents and Standards

Use reagents that are of ultra-high-purity grade or equivalent.
Redistilled acids are acceptable. Except as noted, dry all saits at
105°C for 1 h and store in a desiccator before weighing. Use
deionized water prepared by passing water through at least two
stages of deionization with mixed bed cation/anion exchange
resins.® Use deionized water for preparing all calibration stand-
ards. reagents. and for dilution. '

a. Hvdrochloric acid. HCI. conc and 1 +1.

b. Nitric acid, HNO,, conc.

¢. Nirric acid. HNO;. 1+ 1: Add 500 mL conc HNO; to 400
mL water and dilute to 1 L. ]

d. Standard stock solutions: See 3111B. 3111D. and 3114B.
CAUTION: Many meral salts are extremely toxic and may be fatal
if swallowed. Wash hands thoroughly afier handling.

1) Aluminum: See 3111D.3k1). :

2) Antimony: See 3111B.3j1).

3) Arsenic: See 3114B.3k1).

4) Barium: See 3111D.3k2).

5) Bervllium: See 3111D.3k3).

6) Boron: Do not dry but keep bottle tightly stoppered and
store in a desiccator. Dissolve 0.5716 g anhydrous H;BO; in
water and dilute to 1000 mL: 1 mL = 100 pg B.

7) Cadmium: See 3111B.3/3).

8).Calcium: See 3111B.3j4).

9) Chromium: See 3111B.3/6).

10) Cobalr: See 3111B.3/7).

11) Copper: See 3111B.3/8).

12) Iron: See 3111B.3j1l).

13) Lead: See 3111B.312).

14) Lithium: See 3111B.3/13).

15) Magnesium: See 3111B.3/14).

16) Manganese: See 3111B.3j15).

17) Molybdenum: See 3111D.3k4).
18) Nickel: See 3111B.3/16).
19) Potassium: See 3111B.3/19).

20) Selenium: See 3114B.3nl).

21) Silica: See 3111D.3k7).

22} Silver: See 3111B.3/22).

23) Sodium: See 3111B.323).

24) Strontium: See 3111B.3524).

25) Thallium: See 3111B.3;25).

26) Vanadium: See 3111D.3k10).

27) Zinc: See 311 1B.3j27).
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e. Calibration standards: Prepare mixed calibration standards
containing the concentrations shown in Table 3120:1 by combin-
ing appropriate volumes of the stock solutions in 100)-mL volu-
metric flasks. Add 2 mL 1 +1 HNO, and 10 mL 1+ HCl and
dilute to 100 mL with water. Before preparing mixed standards.
analyze each stock solution separately to determine possible
spectral interference or the presence of impurities. When pre-
paring mixed standards take care that the elements are compat-
ible and stable. Store mixed standard solutions in an FEP fluo-
rocarbon or unused polvethylene bottle. Verify calibration
standards initially using the quality control standard: monitor
weekly for stability. The following are recommended combina-
tions using the suggested analytical lines in Table 3120:1. Alter-
native combinations are acceptable. .

1) Mixed standard solution I: Manganese. beryllium. cad-
mium. lead. selenium, and zinc. .

2) Mixed standard solution [I: Barium. copper. iron. vana-
dium. and cobalt.

3) Mixed standard solution 111: Molybdenum. silica. arsenic.
strontium, and lithium.

4) Mixed standard solution IV: Calcium. sodium. potassium.
aluminum, chromium. and nickel.

5) Mixed standard solution V: Antimony, boron. magnesium.
silver. and thallium. If addition of silver resuits in an initial
precipitation. add 15 mL water and warm flask until solution
clears. Cool and dilute to 100 mL with water. For this acid
combination limit the silver concentration to 2 mg/L. Silver under
these conditions is stable in a tap water matrix for 30 d. Higher
concentrations of silver require additional HClL.

f. Calibration blank: Dilute 2mL 1+1 HNO, and 10 mL 1+1
HCl to 100 mL with water. Prepare a sufficient quantity to be
used to flush the system between standards and samples.

g. Method blank: Carry a reagent blank through entire sample
preparation procedure. Prepare method blank to contain the
same acid types and concentrations as the sample solutions.

h. Instrument check standard: Prepare instrument check
standards by combining compatible elements at a concentration
of 2 mg/L.

i. Instrument qualitv control sample: Obtain a certified aqueous
reference standard from an outside source and prepare according
to instructions provided by the supplier. Use the same acid matrix
as the calibration standards.

j. Method quality control sample: Carry the instrument quality
control sample (4 3i) through the entire sample preparation pro-
cedure.

k. Argon: Use technical or welder’s grade. If gas appears to
be a source of problems. use prepurified grade.

4. Procedure

a. Sample preparation: See Section 3030F. ‘

b. Operating conditions: Because of differences among makes
and models of satisfactory instruments. 10 detailed operating
instructions can be provided. Follow manufacturer’s instructions.
Establish instrumental detection limit. precision. optimum back-
ground correction positions. linear dynamic range. and interfer- -
ences for cach analytical line. Verify that the instrument config-
uration and operating conditions satisfy the analytical requirements
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and that they can be reproduced on a day-to-day basis. An atom-
to-ion emission intensity ratio {Cu(I) 324.75 am/Mn(ll) 257.61
am| can be used to reproduce optimum conditions for multiele-
ment analysis precisely. The Cuw/Mn intensity ratio may be in-
corporated into the calibration procedure. including specifica-
tions for sensitivity and for precision.” Keep daily or weekly
records of the Cu and Mn intensities and/or the intensities of
critical element lines. Also record settings for optical alignment
of the polychromator. sample: uptake rate. power readings (in-
cident. reflected). photomultiplier tube attenuation, mass flow
controller settings. and system maintenance.

c. Instrument calibration: Set up instrument as directed (15).
Warm up for 30 min. For polychromators. perform an optical

alignment using the profile lamp or solution. Check alignment .

of plasma torch and spectrometer entrance slit. particularly if
maintenance of the sample introduction system was performed.
Make CwMn or similar intensity ratio adjustment.

Calibrate instrument according to manufacturer’s recom-
mended procedure using calibration standards and blank. As-
pirate each standard or blank for a minimum of 15 s after reaching
the plasma before beginning signal integration. Rinse with cal-
ibration blank or similar solution for at least 60 s between each
standard to eliminate any carryover from the previous standard.
Use average intensity of multiple integrations of standards or
samples to reduce random error.

Before ana)yvzing samples. analyze instrument check standard.
Concentration values obtained should not deviate from the actual
values by more than *5% (or the established control limits.
whichever is lower).

d. Analysis of samples: Begin each sample run with an analysis
of the calibration blank. then analyze the method blank. This
permits a check of the sample preparation reagents and proce-
dures for contamination. Analyze samples. alternating them with
analyses of calibration blank. Rinse for at least 60 s with dilute
acid between samples and blanks. After introducing each sample
or blank let system equilibrate before starting signal integration.
Examine each analysis of the calibration biank to verify that no
carry-over memory effect has occurred. If carry-over is observed.
repeat rinsing until proper blank values are obtained. Make ap-
propriate dilutions and acidifications of the sample to determine
concentrations beyond the linear calibration range.

e. Instrumental quality control: Analyze instrument check
standard once per 10 samples to determine if significant instru-
ment drift has occurred. If agreement is not within = 5% of the
expected values (or within the established control limits. which-
ever is lower). terminate analysis of samples. correct problem.
and recalibrate instrument. If the intensity ratio reference is used,
resetting this ratio may restore calibration without the need for
reanalyzing calibration standards. Analyze instrument check
standard to confirm proper recalibration. Reanalyze one or more
samples analyzed just befare termination of the analytical run.
Results should agree to within = 5%. otherwise all samples
analyzed after the last acceptable instrument check standard
analysis must be reanalyzed.

Analyze instrument quality control sample within every run.
Use this analysis to verify accuracy and stability of the calibration
standards. If any result is not within = 5% of the certified value,
prepare a new calibration standard and recalibrate the instru-
ment. If this does not correct the problem. prepare a new stock
solution and a new calibration standard and repeat calibration.
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[. Method quality control: Analyze the method quality control
sample within every run. Results should agree to within £ 5%
of the certified values. Greater discrepancies may reflect losses
or contamination during sample preparation.

g. Test for matrix interference: When analvzing a new or un-
usual sample matrix verify that neither a positive nor negative
nonlinear interference effect is operative. If the element is pres-
ent at a concentration above | mg/L. use serial dilution with
calibration blank. Results from the analyses of a dilution should
be within = 5% of the original resuit. Alternately. or if the
concentration is either below 1 mg/L or not detected. use a post-
digestion addition equal to 1 mg/L. Recovery of the addition
should be either between 95% and 105% or within established
controtl limits of = 2 standard deviations around the mean. Ifa
matrix effect causes test results to fall outside the critical limits.
complete the analysis after either diluting the sample to eliminate
the matrix effect while maintaining a detectable concentration
of at least twice the detection limit or applying the method of
standard additions. - :

5. Caiculations and Corrections

a. Blank correction: Subtract result of an adjacent calibration
blank from each sample result to make a baseline drift correction.
(Concentrations printed out should include negative and positive
values to compensate for positive and negative baseline drift.
Make certain that the calibration blank used for blank correction
has not been contaminated by carry-over.) Use the result of the
method blank analysis to correct for reagent contamination. Al-
ternatively. intersperse method blanks with appropriate samples.
Reagent blank and baseline drift correction are accomplished in
one subtraction.

b. Dilution correction: 1f the sample was diluted or concen-
trated in preparation. multiply results by a dilution factor (DF)

calculated as follows:

Final weight or volume
Initial weight or volume

DF

c. Correction for spectral interferencé: Correct for spectral in-

* terference by using computer software supplied by the instrument

manufacturer or by using the manual method based on interfer-
ence correction factors. Determine interference correction fac-
tors by analyzing single-element stock solutions of appropriate
concentrations under conditions matching as closely as possible
those used for sample analysis. Unless analysis conditions can
be reproduced accurately from day to, day. or for longer periods.
redetermine interference correction factors found to affect the
results significantly each time samples are analyzed.”™ * Calculate
interference correction factors (K,) from apparent concentra-
tions observed in the analysis of the high-purity stock solutions:

Apparent concentration of element i

K, = - — — -
« = Actual concentration of interfering element

where the apparent concentration of element i is the difference
between the observed concentration in the stock solution and
the observed concentration in the blank. Correct sample con-
centrations observed for element i (already corrected for baseline
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drift). for spectral interfercnces from elements j, k. and [ for
example:

Concentration of clement § corrected for spectral interference

Observed Obscrved
Observed . .
. ., cuncentration ., | concentration
= concentration = (K,) .. T~ (K . L
of i of interfering of interfering
clement | clement &
Observed
., concentration
- (K . .
(Ka) of interfering
clement /

Interference correction factors may be negative if background
correction is used for element i. A negative K, can result where
an interfering line is encountered at the background correction

wavelength rather than at the peak wavelength. Determirie con--

centrations of interfering elements j. k. and [ within their re-
spective linear ranges. Mutual interferences (i interferes with j
and j interferes with i) require iterative or matrix methods for
calculation.

d. Correction for nonspectral interference: If nonspectral in-
terference correction is necessary. use the method of standard
additions. [t is applicable when the chemical and physical form
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of the element in the standard addition is the same as in the
sample. or the [CP converts the metal in both sample and ad-
dition to the same form: the interference etfect is independent
of metal concentration over the concentration range of standard
additions: and the analytical calibration curve is linear over the
concentration range of standard additions.

Use an addition not less than 5% nor more than 100% of the
element concentration in the sample so that measurement pre-
cision will not be degraded and interterences that depend on
element/interferent ratios will not cause erroneous results. Apply
the method to all elements in the sample set using background
correction at carefully chosen off-line positions. Multielement
standard addition can be used if it has been determined that
added elements are not interferents.

e. Reporting data: Report analvtical data in concentration units
of milligrams per liter using up to three significant figures. Report
results below the determined detection limit as not detected less
than the stated detection limit corrected for sample dilution.

6. Precision and Bias

As a guide to the generally expected precision and bias. see
the linear regression equations in Table 3120:11.% Additional in-
terlaboratory information is available."

TaBLE 3120:I1. ICP PRECISION AND BlAs DATA

Concentration
Element Range Total Digestion® Recoverable Digestion”
g/ L g/l ng/L

Aluminum 69-4792 X = 0.9273C + 3.6 X = 0.9380C + 22..1
S = 0.0559X + 18.6 S = 0.0873X + 31.7

SR = Q.0507X + 3.5 SR = 0.0481X + 18.8

Antimony 77-1406 X = 0.7930C - 171.0 X = 0.8908C + 09
s = 0.1556X - 0.6 S = 0.0982X + 8.3

SR = 0.1081X + 3.9 SR = 0.0682X + 2.5

Arsenjc 69-1887 X = 1.0437C - 122 X = 10175C + 3.9
: S = 0.1239X + 2.4 s = 0.1288X + 6.1
SR = 0.0874X + 6.4 SR = 0.0643X + 10.3

Barium 9-377 X = 0.7683C + 047 X = 0.8380C + 1.68
S = 0.1819X + 2.78 s = 0.2540X + 0.30

. SR = 0.1285X + 2.55 SR = 0.0826X + 3.54

Beryllium 3-1906 X = 0.9629C + 0.05 X = 1.0177C - 0.53
s = 0.0136X + 0.95 - s = 0.0359X + 0.90

SR = 0.0203x - 0.07 SR = 0.0445Xx ~ 0.10

Boron 19-5189 X = 0.8807C + 9.0 X = 0.9676C + 18.7
s = 0.1150x + 14.1 S = 0.1320X + 16.0

SR = 0.0742X + 23.2 SR = 0.0743X + 2.1

Cadmium 91943 X = 09874C - 0.18 X = 1.0137C — 0.65
s = 0.0557X + 2.02 S = 0.0585X + 1.15

SR = 0.0300X + 0.94 SR = 0.0332x + 090

Calcium 17-47 170 X = 049182C - 2.6 X = 0.9658C + 0.8
s = 0.1228X + 10.1 s = 07X + 6.9

SR = 0.0189X + 3.7 SR = 0.0327X + 10.1

Chromium 13- 1406 X = 09544C + 3.1 X = LoM9C - 12
§ = 0.0499X + 4.4 S = 0.0698X + 2.8

SR = OMKMX + 7Y SR = 0.0571X + LU
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Tanee M 20:11 Conr.
Concentration
Element Range Total Digestion” Recoverable Digestion
ngll perl weil
Cobalt 17-2330 XN o= 0928C - 45 X = 09278C - L5
S = 0H36X + 3N § = (LHYEX + 2.0
SR = 028X + 0.5 SR = (LIHOTX + 0.4
Copper 8- 1887 X = 09297C - 0.30 X = 09647C - 304
S = 0.0H2Y + 285 S = 0H97Y + 128
SR = 0.0128X + 2.53 SR = 0.0406X + 0.96
fron 13-9359 X = 08829C + 7.0 X = 0930C + 357
S = 0.0683X + 115 S = 0.1024X + 130
SR = —0.0046X + 10.0 SR = 0.0790X + LL5
Lead 42-4717 X = 0.999C - 2.2 X = LO0S6C + 4.1
§ = 0.0558X + 7.0 S = 0.079X + 4.6
SR = 0.0353X + 3.6 SR = O0.048X + 3.5
Magnesium 34-13 868 X = 09881C - L.I' X = 09879C + 2.2
S = 0.0607X + 11.6 S = 0.0564X + 13.2
SR = 0.0298X + 0.6 SR = 0.0268X + 8.1
Manganese 4~ 1887 X = 0947C + 0.13 X = 09735C + 007
S = 0.0324X + 0.88 § = 0.0557X + 0.76
SR = 0.0153X + 0.91 SR = 0.0400X + 0.82
Molybdeaum 17-1830 X = 0.9682C + 0.1 X = 09707C - 23
S = 0.0618X + 1.6 S = 0.0811X + 38
SR = 0.0371X + 2.2 SR = 0.0529X + 2.1
Nickel - - 17-47 170 X = 0.93508C + 04 X = 0.9869C + L5
S = 0.0604X + 4.4 S = 0.0526X + 5.5
. SR = 0.425X + 3.6 SR = 0.0393X + 2.2
Potassium 347-14 151 X = 0.8669C — 36.4 X = 0935C - 3.1
' S = 0.0934X + 77.8 S = 0.0481X + 1772
SR = =0.0099X + 144.2 SR = 0.0329X + 60.9
Selenium 69-1415 X = 0.9363C - 25 X = 09737C - L0
S = 0.085X + 17.8 § = 0.153x + 718
SR = 0.0284X + 9.3 SR = 0.043X + 6.6
Silicon 189-9434 X = 05782C - 356 X = 09737C - 60.8
S = 0.4160X + 37.8 S = 0.3288X -~ 46.0
SR = 0.1987X + 8.4 SR = 0.2133X + 22.6
Silver 8-189 X = 0.4466C + 5.07 X = 0.3987C + 8.25
S = 0.3055X - 3.05 S = 05478 - 3.93
. SR = 0.2086X - 1.74 SR = 0.1836X - 0.27
Sodium 35-47 170 X = 0.9581C + 39.6 X = 1.0526C + 26.7
: S = 0.2097X + 33.0 S = 0.1473X + 274
SR = 0.0280x + 105.8 SR = 0.0884X + 50.5
Thallium 79— 1434 X = 0.902C - 7.3 X = 09238C + 55
S = 0.1004X + 18.3 § = 02156X + 5.7
SR = 0.0364X + 11.5 SR = —0.0106X = 48.0
~ Vanadium 13-4698 X = 09615C - 2.0 X = 09551C + 04
s = 0.0618X + L7 s = 0.0927X + L3
SR = 0.0220X + 0.7 SR = 0.0472X + 0.5
Ziac 7-17076 X = 049356C - 0.30 X = 09500C + 1.22
S = 0WIX + 3.75 S = 0.0597X + 650
- SR = -0.0130X + 10.07 SR = 0.0153X + 718

*X = mean recovery. pg/L.

C = true value. pg/L.

§ = multi-laboratory standard deviation. peg/L.
SR = single-analyst standard deviation. pg/L.
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3130 METALS BY ANODIC STRIPPING VOLTAMMETRY (PROPOSED)”

3130 A

Anodic stripping voltammetry (ASV) is one of the most sen-
sitive metal analysis techniques: it is as much as 10 to 100 times
more sensitive than electrothermal atomic absorption for some
metals. This corresponds to detection limits in the nanogram-
per-liter range. The technique requires no sample extraction or

* Approved by Standard Methods Commirtee. 1990.

Introduction

preconcentration. it is nondestructive, and it may determine four
to six elements simultaneously. The disadvantages of ASV are
that only amalgam-forming metals can be determined, analysis
time is much longer than for spectroscopic methods. and inter-
ferences and high sensitivity can present severe limitations. The
analysis should be performed only by analysts skilled in its use
because of the interferences and potential for trace background

contamination.

3130 B. Determination of Lead and Cadmium

1. General Discussion

a. Principle: Anodic stripping voltammetry is a two-step elec-
troanalytical technique. With pre-electrolysis, oxidized metal ions

it Y STV SN TPt .

hanaine mereurv drop

buffer. If the pH buffer or other component of the sample matrix
complexes the metal (3130B.1c). detection limits are increased.

The choice of working electrode is determined largely by the
working range of concentration required. The HMDE is best
suited for analysis from approximately 1 pg/L to 10 mg/L. while

T =

K A%E 3
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discharges. or the application of herbicides. The chemical form
of arsenic depends on its source (inorganic arsenic from minerals.
industrial discharges. and insecticides: organic arsenic from in-
dustrial discharges. insecticides. and biological action on inor-
ganic arsenic). The toxicity of arsenic depends on its chemical
form.

2. Selection of Method

Methods are available to identify and determine arsenite. ar-
senate. methylarsonic acid. dimethylarsinic acid. arsenocholine.
arsenobetaine. and other organic arsenic compounds. Unpol-
luted fresh water normally does not contain organic arsenic com-
pounds. but may contain inorganic arsenic compounds in the
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form of arsenate and arsenite. The hydride generation-atomic
absorption method (B). which converts arsenic compounds to
their hydrides that subsequently are decomposed in an argon-
hydrogen flame. is the method of choice. although the clectro-
thermal method (direct injection of sample into the graphite
tube) is simpler in the demonstrated absence of interferences.
The silver diethyldithiocarbamate method (C). in which arsine
is generated by sodium borohydride in acidic solution. is appli-
cable to the determination of total inorganic arsenic when in-
terferences are absent and the sample contains no methylarsenic
compounds. Because arsenite is more toxic than arsenate. a method
for identification of these two species and quantification is needed
and is available in the diethyidithiocarbamate method (C). The
inductively coupled plasma (ICP) method (D) is useful at higher
concentrations (greater than 50 pg/L). '

3500-As B. Atomic Absorption Spectrometric Method

See electrothermal atomic absorption spectrometric method.
Section 3113. and hydride generation atomic absorption spec-
trometric method. Section 3114.

3500-As C. Silver Diethyldithiocarbamate Method -

1. General Discussion

a. Principle: Arsenite. containing trivalent arsenic. is reduced
selectively by aqueous sodium borohydride solution to arsine.
AsH,. in an aqueous medium of pH 6. Arsenate. methylarsonic
acid. and dimethylarsenic acid are not reduced under these con-
ditions. The generated arsine is swept by a stream of oxygen-
free nitrogen from the reduction vessel through a scrubber con-
taining glass wool or cotton impregnated with lead acetate so-
lution into an absorber tube containing silver diethyldithiocar-
bamate and morpholine dissolved in chloroform. A red color
develops, the intensity of which is measured at 520 nm. To de-
termine total inorganic arsenic in the absence of methylarsenic
compounds. reduce another sample portion at a pH about L.
Alternatively, determine arsenate in a sample from which ar-
senite has been removed by reduction at pH 6. after acidification
with hydrochloric acid and addition of another portion of sodium
borohydride solution. Collect the arsine formed from arsenate
in fresh absorber solution.

b. Interferences: Although certain metals—chromium. cobalt.
copper. mercury. molybdenum. nickel. platinum. silver. and se-
lenium—influence the generation of arsine. their concentrations
in water seldom are high enough to interfere. H.S interferes. but
the interference is removed with lead acetate. Antimony is re-
duced to stibine. which forms a colored complex with an ab-
sorption maximum at 510 nm and interferes with the arsenic
determination. Methylarsenic compounds are reduced at pH1to
methylarsines, which form colored complexes with the absorber
solution. If methylarsenic compounds are present. measurements
of total arsenic and arsenate are unreliable. The results for ar-

2. Apparatus

a. Arsine generator, scrubber. and absorption tube: See Figure
3500-As:1. Use a 200-mL three-necked flask with a sidearm (19/
27 or similar size female ground-glass joint) through which the
inert gas delivery tube reaching almost to the bottom of the flask
is inserted: a 24/40 female ground-glass joint to carry the scrub-
ber: and a second side arm closed with a rubber septum. or
preferably by a screw cap with a hole in its top for insertion of
a TFE-faced silicon septum. Place a small magnetic stirring bar
in the flask. Fit absorber tube (20 mL capacity) to the scrubber
and fill with silver diethyldithiocarbamate solution. Do not use
rubber or cork stoppers because they may absorb arsine. Clean
glass equipment with concentrated nitric acid.

b. Fume hood: Use apparatus in a well-ventilated hood with
flask secured on top of a magnetic stirrer.

¢. Photometric equipment:

1) Spectrophotometer, for use at 520 nm.

2) Filter photometer. with green filter having a maximum trans-
mittance in the 500- to 5#0-nm range.

3) Cells. for spectrophotometer or filter photometer. l-cm.
clean. dry. and each equipped with a tightly fitting cover (TFE
stopper) to prevent chloroform evaporation.

3. Reagents

u. Distilledldeionized water.

b. Acetaie buffer. pH 5.5: Mix 428 mL 0.2M sodium acetate.
NaC.H,0.. and 72 mL 0.2M acefic acid, CH.COOH.

¢. Sodium acetate, 0.2M: Dissolve 16.46 ¢ anhydrous sodium

senite are not influenced by methylarsenic compounds— dceratess 27.36 g sodiuim acctate trihydrate NaC.H,0.3H.0.

¢. Minimum detectable quanmiv: 1 pg arsenic.

in water. Dilute to 1000 mL with water.
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Figure 3500-As:1. Arsine generator and absorber assembly.

d. Aceric acid, 0.2M: Dissolve 11.5 mL glacial acetic acid in
water. Dilute to 1000 mL.

e. Sodium borohvdride solution. 1% Dissolve 0.4 g sodium
hydroxide. NaOH (4 pellets), in 400 mL water. Add 4.0 g sodium
borohydride. NaBH, (check for absence of arsenic). Shake to
dissolve and to mix. Prepare fresh every few days. .

. Hvdrochloric acid, HCIl. 2M: Dilute 165 mL conc HCl to
1000 mL with water.

g. Lead acetare solution: Dissolve 10.0 g Pb(CH.COO).-3H,0O
in 100 mL water.

h. Silver diethvldithiocarbamate solution: Dissolve 1.0 mL mor-
pholine (CauTION: Corrosive—avoid contact with skin) in 70 mL
chioroform. CHCl,. Add 0.30 g silver diethylidithiocarbamate.
AgSCSN(C,H,),: shake in a stoppered flask until most is dis-
solved. Dilute to 100 mL with chloroform. Filter and store in a
tightly closed brown bottle in a refrigerator.

i. Stock arsenite solution: Dissolve 0.1734 g NaAsQ. in water
and dilute to 1000 mL with water: 1.00 mL = 100 pg As. Cau-
TION: Toxic—avoid comact with skin and do not ingest.

_J. Intermediate arsenite solurion: Dilute 10.0 mL stock solution
to 100 mL with water: 1.00 mL = 10.0 pg As.

k. Siandard arsenite solution: Dilute 10.0 mL intermediate

solution to 100 mL with water: 1.00 mL = 1.00 g As.
) L. Standard arsenate solution: Dissolve 0.416 g Nu,HAsO,-TH,O
in water and dilute to 1000 mL. Dilute 10.0 mL to 100 mL with
water: dilute 10 mL of this intermediate solution to 100 mL: 1.00
mL = 1.00 pg As.

4. Procedure

a. Arsenite:
1) Preparation of scrubber and absorber—Dip glass wool into
lead acetate solution: remove excess by squeezing glass wool.
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Press glass wool between pieces of filter paper. then flutt it,
Alternatively. if cotton is uscd treat it similarly but dry in a
desiccator and fluff thoroughly when dryv. Place a plug of loose
glass wool or cotton in scrubber tube. Add 4.0 mL silver di-
ethyidithiocarbumate solution to absorber tube (3.4K) mL may
be used to provide enough volume to rinse spectrophotometer
cell).

2) Loading of arsine generator—Pipet not more than 70 mL
sample containing not more than 20.0 wg As (arsenite) into the
generator flask. Add 10 mL acetate buffer. If necessary. adjust
total volume of liquid to 80 mL. Flush flask with nitrogen at the
rate of 60 mL/min.

3) Arsine generation and measurement—While nitrogen is
passing through the system. use a 30-mL syringe to inject through
the septum 15 mL 1% sodium borohydride solution within 2 min.
Stir vigorously with magnetic stirrer. Pass nitrogen through sys-
tem for an additional 15 min to flush arsine into absorber so-
lution. Pour absorber solution into a clean and dry spectropho-
tometric cell and measure absorbance at 520 nm against chloroform.
Determine concentration from a calibration curve obtained with
arsenite standards. If arsenate also is to be determined in the
same sample portion save liquid in the generator flask.

4) Preparation of standard curves—Treat standard arsenite
solution containing 0.0. 1.0. 2.0. 5.0. 10.0. and 20.0 pg As de-
scribed in s 1) through 3) above. Plot absorbance versus mi-
crograms arsenic in the standard. _

b. Arsenate: After removal of arsenite as arsine. treat sample
to convert arsenate to arsine:

If the lead acetate-impregnated glass wool has become inef-
fective in removing hydrogen sulfide (if it has become gray to
black) replace glass wool [see ¥ 4al)]. Pass nitrogen through
system at the rate of 60 mL./min. Cautiouslv add 10 mL 2.0N
HCI. Generate arsine as directed in § 443) and prepare standard
curves with standard solutions of arsenate according to procedure
of 4 4ad).

c. Total inorganic arsenic: Prepare scrubber and absorber as
directed in 9 4al) and load arsine generator as directed in § 4a2)
using 10 mL 2.0~ HCl instead of acetate buffer. Generate arsine
and measure as directed in & 4a3). Prepare standard curves ac-
cording to ¢ 4ad). Curves obtained with standard arsenite are
almost identical to those obtained with arsenate standard solu-
tions. Therefore. use either arsenite or arsenate standards.

5. Calculation

Calculate arsenite. arsenate. and total inorganic arsenic from
readings and calibration curves obtained in 4a. b. and ¢, re-
spectively, as follows:

wg As (from calibration curve)
mL sample in generator fusk

mg As/L =

6. Precision and Bias

Interluboratory comparisons have not been made vet. The
relative standard deviation of results obtained with arsenite/ar-
senate mixtures containing approximately 10 pg arsenic were less
than 10%.
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3500-As D. Inductively Coupled Plasma Method

See Section 3120.

3500-Ba

3500-Ba A.

1. Occurrence and Significance

Barium stimulates the heart muscle. However. a barium dose
of 550 to 600 mg is considered fatal to human beings. Afflictions
arising from its consumption. inhalation, or absorption involve
the heart. blood vessels. and nerves.

Despite a relative abundance in nature (16th in order of rank).

*Approved by Standard Methods Committec. 1990.

BARIUM*

introduction

barium occurs only in trace amounts in water. The barium con-
centration of U.S. drinking waters ranges between 0.7 and 900
pg/L. with a mean of 49 pg/L. Higher concentrations in drinking
water often signal undesirable industrial waste pollution.

2. Selection of Method

Perform analyses by the atomic absorption spectrometric method
or the inductively coupled plasma method. :

3500-Ba B. Atomic Absorption Spectrometric Method

See flame atomic absorption spectrometric method. Section 3111D,
and electrothermal atomic absorption spectrometric method.

Section 3113. N

3500-Ba C. Inductively Coupled Plasma Method

See Section 3120.
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EPL BIO-ANALYTICAL SERVICES, INC.

ANALYTICAL METHOD FOR ARSENIC SPECIATION
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Winter Garden, FL 84777.1054

6685 Caok Acad

 Clemmont, FL 34711

Phone: 504:394-4535
Fax: §04-384-4433

QA/QC Plan for:
EPL-BAS Project Number 251M01

ss of Water for Total Arsezic, Arsenits and Arsenate
Client: Amoco Oil Company
Client Coptact: Natalie Grimmer
Laborarory QC Marrix Spikes
EPL-BAS will analyze quality cantrol (QC) spikes as part of this project. The
preparation of QC spikes is described in section TIL.A.3. of the analytical method.
A single QC spike will be analyzed with each batch of water samples received at
EPL-BAS. Thcspﬂcwﬂlconminbomusmitemdarsmaamget
concentration of 20-50 pg/L As for each compound. QC. spike recoveries will
be calculated as follows. - .

Spike Concenfration (ye/1) - Upspiked Copee ntration (ug/l) x 100
- Spike Level (xg/L)

QC spike recoveries shall be in the range of 70-125%. Recoveries outside this
range will necessitate preparation of 4 oW QC spike and reanalysis of all water
samples in that batch. .

Quality Assurance Dam Review

The Laboratory Supervisor will review the raw data for completeness of
doannmﬁonandtoconﬁnnthatQstulmarewiminaccepmﬁmim. The
IabommrySnpuvisorwﬂlalsorcviewtheﬁnzlmalyﬁmlmponmasmﬂm
merepmismacanatereﬂccﬁonofm:mwdaga. :



Determination of Total Soluble Arsenic and Arsenic Species in Water using Graphite
Furnace Atomic Absorption Techniques

Method Surmnmary:

Water samples are filtered and diluted as necessary for analysis. Arsenic speciation
analysis is performed using anion exchange HPLC with graphite fitrmace atomic
absorption (GFAA) detection. Filtered samples are also analyzed by GFAA with Zesman
background correction for total soluble arsenic.
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Standards, Reagents, and Solutions

A

4.

Standards

Arsenic Refereace Solution, Certified 1000 ppm, Fisher
Sodium Arsenite, Fisher Scientific, 99% + ‘

. Sodium Arsenate, Fisher Scientific, 98%+ -

Reagéms
Ammonium Carbenate, Mallinckrodt
Nickel Nitrate Hexahydrare, Aldrich

‘Water, ASTM Type I

Solution Preparation
HPLC Eluent (0.2M ammonium carbonate)

Weigh 44 ¢ ammonium earbonate int0 2 2 L volumerric flask and difuwe
to volume with Type I water. Store ambient.

Calibration Standard Solutions (for total As analysis)

Prepare standards in Type I water by appropriate dilurion of the 1000 ppm
As reference solution noted above. A concenmtration ramge of
approximately 5 to 100 pg/L As should be prepared,  Store standards

frozen.
Reference Standard Solutions (for speciation analysis)

Dissolve appropriate amonnts of sodium arsenite and sodium arsenate in

Type I water, Store stock standards frozen. Prepare working reference
standards by appropriate dilution of the stock solutions in Type I warer.

Store working standards frozen.

—

GFAA Matrix Modifier (0.4% Ni)

Weigh 2 g mckel nitrare hexahydrate into 2 100 mL volumetric flask and
diture to volume with Type I water. Store ambient.




Equipment

Balances, Mettler, Sartorius, and American Scientific

Class A Glassware, scid-washed*
Atomic Absorption Spectrophotometer, Perkin-Elmer Model 460 equipped with

an AS-1 Autosampler and HGA-2100 Graphite Furnace.

Atomic Absorption Spectrophotameter, Perkin-Elmer Zeeman 30/30 efuipped
with an AS-60 sutosampler and HGA-600 Graphite Pumacc

Filters, 0.45 um Acrodiscs, Gelman

HPLC Pump, Perkin-Elmer Model 410

Arsenic Electrodeless Discharge Lamp, Peﬂun-EJmer -
Switching Valve, Valco Insouments

LC Autosampler, Micromiretics

*All glassware and sample storage containers are soaked overnight and thoroughly
washed with detergent and tap water, rinsed with water, and soaked for four
hours in 2 mixmure of dilute nitric and hydrochloric acid (1:2:9), followed by

rinsing with ASTM Type I water and oven drying.
Methodology

A.  Sample Preparation

1. Store water samples frozen upon receipt.
2. Filter a suitable aliquot of thawed water sample through a 0.45 pm filter,

Use the first 10-20 mL to rinse the filter and collect the remainder of the
sample for analysis.

Prepare a QC spike at ca 20-50 pug/L As for each ‘arsenite and arsenate,
by addition of aqueous reference standard solutions to a water sample of
known volume, A single QC spike is to be prepared and anmalyzed with
each batch of water samples received,

(73]




Total Arsenic Analysis

Total soluble arsenic analysis is performed by GFAA with Zeeman
background correcton. Recammended analysis conditions are as follows.

Spectrometer: - Wavelength: 193 7 am

Slit; - 0.7 nm
Lamp: Arsenic electrodeless discharge lamp
ope.rated ar ca 8 Warts.
Furpace Program: Dzy T:me 30 seconds
Dry Temp: 120°C
Char Time: 30 seconds
Char Temp: . - 1300°C

Atomization Time: S seconds
Atomization Temp: 2350°C

Autosampler: Sample Injection Volume: 20 L
Marrix Modifier (0.4% Ni): 5 4L

Calibration is performed by analysis of standards conralm.ng from ca 5 to
100 ug/L clemental As. :

Speciation Analysis

"Specaauon analysis is perfcnmcd by anion exchange HPLC with GFAA
detection. Recommended analysis conditons are as follows.

GFAA

Slir: 0.7 mm

Wavelength: 193.7 am

Lamp: Arsenic electrodeless discharge lamp operated at ca
_ 8 Waus

Dry Temp: . 130°C

Dry Time: ca 20 scconds

Char Temp: 800°C

Char Time: ca 8 seconds

Atomization Temp: 2300°C

Atornization Time: 5 seconds

GFAA Autosampler Injection Volume: 10 gL



Iv.

HPLC
“Solvent A HPLC Water
Solvent B - . 0.2M (NHQ,CO,
Colmmn: 2 Brownlee Polypore AN (4.6 x 60 mm) anion
- exchange guard columns,
- Solvent Program:
Initial 100 A 0.5 _—
20 mimtes 100 B 0.5 1
30 mimutes 100 A 2.0 1

44 mimotes 100 A 0.5

Alternative HPLC Technique:
Column: 1 Alkech Universal Aniop Exchange HPLC column

(4.6 x 150 mm).

Solvent Program: __
Time % Solvent Flow (ml/minute) Curve
Inidal - 100 A 0.5 —
30 mimmes 65 A/35B 0.5 1

40 mimites 100 B 0.5 1

50 mimites 100 A 2.0 1

52 minutes 100 A 0.5  —

 Reference standards are analyzed to ascertain retention times for

Calculations -

the inorganic arsenicals. Quanritation of each arsenical detected
will be by cunmlative peak height percent (see calculations).

A.  Total Soluble As (ug/L) =
Amnalytical Resnlt (ug/L) x Dilution Factor

B.  Speciated As (ug/L As) =




6
Cumulative Peak Height Percent for Compound ___ x Total As (ug/L)

Where Peak Height Percent =

Cumulstive Peak gg. ight for Compound
Sum of Cumulative Peak Heights for all Campounds
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AMOCO RESEARCH AND DEVELOPMENT LABORATORY

Naperville, lllinois -

= Data Validation

n Summary Metals Tables







SUMMARY OF DATA VALIDATION FOR NPDES PERMIT APPLICATION
ARSENIC TOTAL ANALYSES FOR OUTFALL 001 EFFLUENT (a)

LAB (Analytical) FIELD COMPLETE
VALIDATION (b) VALIDATION (b) VALIDATION ({(c})

SAMPLE A A A

4 May 94

SAMPLE A A A

10 May 94

SAMPLE J A J

17 May 94

SAMPLE A J J

26 May 94

SAMPLE J A J

1 Jun 94

SAMPLE A A A

7 Jun 94

Notes:

{a) Analysis by Amoco Research and Development Laboratory, Naperville, Laboratory
{b} A = Totally Acceptable

J = Estimated Value because of QA/QC question
(c) Complete Validation is a combination of lab and field validations.

L:\DATA\3149\WHITING\ARSENIC\ASTOT.WK1 August 26, 1994



'I_'ab‘le 1

whiting ETL Wastewater (outfall 001) - 1/14/94
(Results given in micrograms/1iter or ppb)

12938-75-Total 12938-75-Dissolved
Part B Metals

Aluminum 49 . 17
Bartum 90 88
Boron 260 260
Cobalt ND <3 ND<3
Iron 130 20
Magnes {um 18000 20000
Molybdenum 20 16
Manganese 107 04
Tin ND<7 ND<7
Titanium ND <7 ND <7

Part C Metals '
Antimony ND < 20 20
Arsenic 14 14
Beryllium 2 2
Cadmium ND < 2 ND < 2
Chromium ND ¢ 10 ND ¢ 10
Copper 16 6

© Lead 11 ND <1
Mercury ND < 0.5 ND < 0.5
Nickel ND <7 ND <7
Sejenium 39 a8
Silver ND < 5 ND < 5.
Thallium ND < 2 ND <2
Zinc 31 23

Re-analysis for total metals: Magnesium = 17600; Manganese = 80; Iron =
80; Copper = 15; Zinc = 25.

Gary R. Chipman
August 17, 1994




Table 2

Whiting Quality Control Samples - 1/14/94
(Results given in micrograms/liter or ppb)

Part B Metals

Aluminum
Barium |
Boron
Cobalt
Iron
Ha?nesium
Mo lybdenum
Manganese

Tin
Titanium

Part C Metals
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

Field Blank
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Trip Blank
ND ¢ 4
D <1
ND < 20
ND <3
ND < 10
ND <1
ND <5
ND <]
ND <7
ND <7
ND < 20
ND <1
ND <1
ND < 2
ND < 10
ND < 3
ND <1
ND < 0.5
ND <7
ND < 3
ND < b
ND < 2
ND<1

Equip. Blank

ND < 4
ND ¢
ND < 20
ND <3
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Analytical Research & Services Division source record numbers: CARN 94-

001269 and 94-001536.

Gary R. Chipman
August 17, 1994




Table 3

Whiting ETL Wastewater (Outfall 001) - 2/11/94
(Results given in micrograms/1iter or ppb)

12938-80-Total
Part B Metals

Aluminum 77
Barium 68
Boron 210
Cobalt ND <3
Iron 180
Magnesium 17000
Molybdenum 20
Manganese 34
Tin ND <7
Titanium ND <7
Part C Metals

Antimony ND < 20
Arsenic 20
Beryllium ND <1
Cadnium ' . ND<2
Chromium 14
Copper 16
Lead 10
Mercury ND < 0.5
Nickel ND <7
Selenium 36
Silver ND<S§
Thallium ND ¢ 2
Zinc 74

Re-analysis for total metals: Magnesium « 14600; Aluminum = 62; Iron =

120; Copper = 16; Zinc = 33.

Gary R. Chipman
August 17, 1994
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part B Metals
Aluminum
Barium
Boron
Cobalt
Iron
Ma?nesium
Molybdenum
Manganese
Tin
Titanium

Part C Metals
Antimony
Arsenic
Beryllium
Cadmniun
Ehromium
opper
Fo
Mercury
Nickel
Selenium
Silver
Thallium '
2inc

Analytical Research & Services Division source record numbers: CARN 94-
002714 and 94-003103.

Gary R. Chipman '
August 17, 1954

Table 4
Whiting Quality Control Samples - 2/11/94

Field Blank
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Whiting ETL Wastewater (Outfall 001) - 3/2{94
(Results given in micrograms/liter or pp )

Part B Metals

Aluminum
Barium
Boron
Cobalt
Iron
Hagnesiuu
Molybdenum
Manganese
Tin
Titanium

Part C Metals

Antimony
Arsenic -
Beryllium
Cadmium
Ehromium
opper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Zinc

12938-83-Tot 12938-83-Dis

-
o
o

Pt
[

&858 &858
o

==
[~1~]
= N
SIAATAAARBAANAANAA
RO O =PI N

Trip Blank

[=l=l=lwlel~le)
[~
o

o0
=t A3 Y 00 J © tad () 0t NS 4t bt (A
L]

AAAAAAANAAANAANAN

oo

Analytical Research & Services Division source record numberS:

003752 and 94-003946.

Gary R. Chipman
August 17, 1994




whiting ETL Hastewéte
(Results given in m

Part B Metals

Aluminum
Barium
Boron
Cobalt
Iron
Magnesium
Mo lybdenum
Manganese
Tin
Titanium

Part C Metals

Antimony
Arsenic
‘Beryllium
Cadmium
ghromium

opper
Lead
Mercury
Nickel .
Selenium
Silver
Thallium
Zinc

Analytical Research & Services
004270 and 94-004582.

Gary R. Chipman
August 17, 1994

Table 6

r (Outfall 001) -
{crograms/11ter or ppb)

3/9/94

ETL-Total ETL-Dissolved Trip Blank
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pivision source record numbers: CARN 94-



" Table 7

whiting ETL Wastewater (Outfall 001) - 4/14/94
(Results given in micrograms/1iter or ppb)

Blank ETL-Total ETL-Dissolved Trip
i

Arsenic 18 11 2
Cadmium ND < 2 ND<2 ND < 2
Copper 10 5 ND < 3
Lead 8 1 ND <}
Nickel ND < 7 ND <7 ND <7
Zinc 20 16 ND <1

Analytical Research & Services Division source record numbers: CARN 94-
006855 and 94-006888.

Gary R. Chipman
. August 17, 1994




Table 8

Whiting ETL Wastewater (Outfall 001) - 4/26/94
(Results given in nicrograms/liter or ppb)

Blank ETL-Total 'ETL-Dissolved Trip
Arsenic 13 16 ND< 1
Cadmium ND < 2 ND ¢ 2 ND ¢ 2
Copper 8 ND <3 ND <3
Lead 4 ND<1 ND <1
Nickel ND <7 ND <7 ND <7
Zinc 15 16 ND< 1

Analytical Research & Services Division source record numbers: CARN 94-

006781 and 94-006838.

cary R. Chipman
August 17, 1994




Table 9

Whiting ETL Wastewater (Outfall 001) Collected during May and June, 1994,
for Arsenic Analysis (Results given in micrograms/liter of ppb)

Collection Date Sample No. n Arsenic
u

5/4/94 ETL-001 g
2-N-0 16
2-N-1 16
2-N-2 420
2-N-3 ND <1

5/10/94 ETL-001 18

. Trip Blank NA

5/17/94 ETL-001 17

5/26/94 5-N-0 16
5-N-1 15
5-N-2 250
5-N-3 4

6/1/94 6-N-0 21

6/7/94 7-N-0 13

1/ 7-N-1 12
7-N-2 433
7-N-3 ND <1

Analytical Research & Services Division source record numbers: CARN 94-
006232, 94-006506, 94-006551, 94-006654, 94-006963, 94-007447, 94-007608,
94-007978, 94-007979, 94-008146 and 94-008318.

Gary R. Chigman
August 17, 1994
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EPL BIO-ANALYTICAL, INC.

Harristown, lllinois
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Abstract

Wastewater samples taken over a seven week period at the Whiting, Indiana
Amoco Oil Refinery were analyzed for total soluble arsenic and arsenic species
using two graphite furnace atomic absorption (GFAA) techniques. Total
soluble arsenic was determined on filtered water samples by GFAA with
Zceman Effect background correction. Total soluble arsenic levels ranged
from < 5 ug/L to 620 ug/L As. Arscnic speciation analysis was performed
by first separating the arsenicals on an anion-exchange HPLC column and
apalyzing the HPLC effluent by GFAA. Only inorganic arsenic was detected
in the wastewater samples. Arsenate was the predominate form found in the
samples. Three samples contained detectable levels of arsenite. Quality
control (QC) samples were analyzed as part of this project. QC samples were
prepared by spiking aliquots of a randomly selected filtered wastewater sample
at approximately 50 pg/L As in inorganic form; one QC each for arsepate and
arsenite. The QC samples were prepared and analyzed for total soluble arsenic
and arsenic species as described above for the unspiked waste samples. QC
recoveries ranged from 91 to 99 percent for samples spiked at 50 ug/L As as
arsenite and from 83 to 91 percent for those spiked with an equivalent amount

of arsenate.

Materials/Methods

A description of the laboratory procedures used in the project follows. The
analytical method appears in Appendix B. All wastewater samples were stored

frozen upon receipt at CPL-BAS.
A. Total Soluble Arsenic Determination

Waste samples were first filtered through a 0.45 um Acrodisc®. Filtrates were
stored frozen until needed for analysis. No additional sample preparation was
required for total soluble arsenic determination. QC samples werc prepared
by pipeting 50 pL of a 100 pg/mL arsenic solution containing cither arscnate
or arscaite into & 100 mL volumetric flask and diluting to 100 mL with a
randomly chosen waste sample. Two QC samples, 1 each for arsenate and
arsenite, were analyzed with each baich of samples. Samples were analyzed
using a Perkin-Elmer Zeeman 30/30 Atomic Absorption Spectrophotometer
equipped with an AS-60 Autosampler and HGA-600 Graphite Furnace. The
instrument was calibrated prior to sample analysis by injection of aqueous
standard solutions containing from 20 to 100 ug/L As. The calibration
standards were prepared by dilution of a certified reference solution containing
1000 mg/L As. The instrument software produces a calibration curve by
linear regression analysis. Sample concentrations are also calculated by the
instrument software based on the calibration curve. The instrumental detection

limit was estimated at 5 pg/L As.
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B. Speciation Analysis

Speciation analysis was performed using an HPLC/GFAA technique. If
required, samples were concentrated under nitrogen to bring the arsenic
concentration to a detectable level. The degree of concentration was based on
the total soluble arsenic level. Sample solutions were injected (100 pL) into
an HPLC system conmining two low-capacity anion-exchange columns.
Arsenicals are separated based on anionic charge. Highly charged arsenicals
are retained more strongly than those of lower charge. The compounds are
eluted from the column by introduction of carbonate ion into the HPLC mobile
phase. The carbonatc concentration is slowly increased until all arsenicals
have eluted. The HPLC effluent is diverted to a continuous flow cup which
is sampled by a GFAA autosampler. The GFAA autosampler deposits a 10 uL
subsample of the HPLC effluent into the graphite furnace. The furnace dries,
ashes, and then atomizes the subsamples. Arsenic in the subsample is detected
by the spectrometer which plots an absorption signal. This cycle repeats
approximately oncc every 45 seconds with the resulting chromatograms
appearing as a bar graph. Standard solutions containing arsenate and arsenite
at approximately S00 pg/L As were analyzed along with the samples for
retention time verification and to ascertain detector response. Typically, the
relative amount of each arsenical detected is calculated directly using the peak
height for each compound. However, if detector responses for standards
containing different compounds at the same concentration results in a
difference of >10 percent, a response factor based on the standard
concentration is used to calculate the relative amounts of each compound.
Some typical chromatograms appear in Appendix B. The instrument detection
limit was estimated at 100 pg/L As for each compound; arsenite and arsenate.
The method limit of detection based ona 20X concentration factor was 5 pg/L.

Results

Quality control recoverics were good in general. The results for QC sample
. analyses appear in Table I. Liule or 0o oxidation/reduction between arsenate
. apd arsenite occurred during spike sample processing in the laboratory. The
same assumption can probably be made for unspiked samples as well.
Recoveries for arsenite spikes ranged from 91 to 99 percent with an overall
mean recovery of 95 percent and a standard deviation of 4.0 percent. The
range of recoveries for arscnate spikes was 83 to 91 percent with an overall
mean recovery of 87 percent and a standard deviation of 4.0 percent.

Wastewater analysis results appear in Table II. Unspiked wastewater samples

displayed a wide range of arsenic concentrations. Detectable arsenic

concentrations ranged from 11 to 620 pg/L. HPLC/GFAA apalysis indicated
that arsepate was thc predominate form with three samples haviog
approximately equal amounts of arsenate and arsenite (sec Table II.)
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